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(54) CATALYST FOR PURIFICATION OF EXHAUST GAS AND PURIFICATION METHOD 

(57)Abstract: 

PURPOSE: To provide a catalyst for rapid oxidation of CO and 
hydrocarbon contained in large quantities in exhaust gas from an engine 
immediately after start and a method for purifying exhaust gas. 
CONSTITUTION: This catalyst for purification of exhaust gas supported 
on a carrier contains 0.5-1 Og/I palladium and 10-150 gel (expressed in 
terms of Ce02) cerium as active components. When this catalyst is 
disposed at the upsteam side 3 of exhaust gas 2 from an engine 1 , 
exhaust gas contg. CO and hydrocarbon at high concn. from the engine 
1 immediately after start is rapidly burned at a low temp, and a ternary 
catalyst 4 is rapidly heated. The CO is ignited at a low temp, and the CO 
and hydrocarbon can rapidly be burned at a low temp. 
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[Claims] 

[Claim 1] A waste gas cleaning catalyst, characterized in that an active 
component is carried in a carrier, the active ingredient contains palladium 
(Pd) at 0.5 to 10 g/1 relative to a total volume of the catalyst, and cerium at 
10 to 150g/l relative to a total volume of the catalyst in terms of cerium 
oxide (Ce0 2 ), wherein a gas containing a high concentration of CO and 
hydrocarbon is oxidized at a low temperature. 

[Claim 2] The waste gas cleaning catalyst according to claim 1, wherein the 
carrier is at least one kind selected from lanthanum aluminate (LaA10 3 ), 
lanthanum-p-almina (La 2 0 3 'll to 14A1 2 0 3 ), and lanthanum-p-alumina 
precursor. 

[Claim 3] The waste gas cleaning catalyst according to claim 1, wherein 
palladium and cerium as an active component are carried in the same 
covering layer of the catalyst. 

[Claim 4] The waste gas cleaning catalyst according to claim 2, wherein the 
carrier is a porous carrier in which a mole ratio of lanthanum and aluminum 
is in a range of La/Al=l/99 to 10/90. 

[Claim 5] The waste gas cleaning catalyst according to any one of claims 1 
to 4, wherein the catalyst is retained in a substrate comprising a ceramic or 
a metal and having a honeycomb shape, a plate-like shape or a wire net 
shape. 

[0006] 

[Means to solve the problems] In order to solve the aforementioned 
problems, the waste gas cleaning catalyst is a catalyst for initiating 



oxidation of a gas containing a high concentration of CO and hydrocarbon 
at a low temperature in the presence of oxygen at a necessary equivalent for 
oxidation or more, an active component is carried in a carrier, and the 
active component contains palladium (Pd) at 0.5 to 10 g/1 relative to a total 
volume of the catalyst, and cerium at 10 to 150g/l relative to a total volume 
of the catalyst in terms of cerium oxide (Ce0 2 ). 

[0007] In the waste gas cleaning catalyst, as a carrier, a porous carrier such 
as alumina, lanthanum aluminate (LaA10 3 ), lanthanum- (3 -alumina 
(La 2 0 3 -ll to 14 A1 2 0 3 ), lanthanum- p- alumina precursor, Ti0 2 , zeolite silica, 
and silica-alumina. The reason is as follows: when a specific surface area 
of a carrier is small, carried palladium is aggregated, and is not effectively 
used. Therefore, it is desirable to use a porous carrier having high heat 
resistance, preferably, lanthanum aluminate (LaA10 3 ), 
lanthanum-p-alumina (La 2 0 3 -ll to 14A1 2 0 3 ), or lanthanum- (3- alumina 
precursor. Herein, lanthanum- 13- alumina is a composite oxide which has 3 
to 10 mol% of oxide of lanthanum and a remaining of alumina, and has a p- 
alumina structure (Japanese Patent Application No. 59-162329). In 
addition, a lanthanum-p-alumina precursor is an oxide mixture having such 
a composition that it can be converted into lanthanum- |3- alumina by heating 
at 1000°C in 2 hours. And, a porous carrier having a mole ratio of 
lanthanum and aluminum in a range of La/Al=l/99 to 10/90 is better. In 
addition, the waste gas cleaning catalyst can be used as a waste gas 
cleaning catalyst structure by coating on a substrate of a ceramic or a metal 
and, as the substrate, a honeycomb shape, and a plate-like substrate, or a 
wire net shape is used. 

[0008] Then, the present invention will be explained in detail. The 



catalyst of the present invention is obtained by impregnating the carrier 
with an aqueous solution of a water-soluble palladium salt and cerium salt, 
and drying and heating to oxidize this. As a palladium salt, palladium 
nitrate, palladium chloride or a water-soluble palladium complex salt such 
as [Pd (NH 3 ) 4 (OH) 2 ] is used. It is general to use a water-soluble salt such 
as cerium nitrate, cerium sulfate and cerium acetate as a cerium salt. As a 
method of impregnating a carrier with an aqueous solution of a palladium 
salt and a cerium salt, two components may be impregnated simultaneously 
using a mixed aqueous solution of a palladium salt and a cerium salt, or an 
aqueous palladium salt solution may be impregnated, this is heated to 
oxidize, and an aqueous cerium salt solution may be impregnated, or an 
aqueous cerium salt solution is impregnated, this is heated to oxidize, and 
an aqueous palladium salt solution may be impregnted. In addition to the 
aforementioned impregnating method, a catalyst is also obtained by a 
method of wet-kneading a powder after impregnation of the carrier with an 
aqueous palladium salt solution and heating to oxidize it, and a cerium 
oxide, a sol containing cerium oxide or cerium hydroxide, or an insoluble 
cerium salt such as cerium carbonate, and drying, heating to degrade, and 
oxidizing this. Alternatively, the carrier and cerium oxide, a sol 
containing cerium oxide or cerium hydroxide, or an insoluble cerium salt 
such as sodium carbonate are wet-kneaded, dried and heated to oxidize, and 
this may be impregnated with an aqueous palladium salt solution. A 
shape of a carrier thereupon may be a powder, a pellet or a honeycomb. 
[0009] These catalyst are obtained by heat-treating at a temperature at 
which a raw material salt is finally degraded and heated to oxidize, that is, 
at 200 °C or higher and 1000°C or lower, preferably at 500°C to 900°C in 



the air. The catalyst of the present invention contains palladium as an 
active component, and cerium as a second component, and may contain, in 
addition to palladium, as an active component, at least one kind of a noble 
metal such as platinum, and rhodium, silver, manganese, iron, cobalt, 
nickel, copper, vanadium and zinc, provided that it is desirable that a 
content thereof is 1 atom % or more and 10 atom % or lower of an active 
component. The reason is as follows: A noble metal such as platinum and 
rhodium is used as a catalyst for combusting CO or hydrocarbon or a 
ternary catalyst for treating a waste gas of an automobile and, when CO in 
a treated gas becomes a high concentration, since CO is adsorbed onto 
platinum or rhodium to cause adsorption poisoning, activity is remarkably 
reduced, and activity thereof is greatly influenced by an oxygen 
concentration in a waste gas. This phenomenon appears remarkably on 
platinum or rhodium as compared with palladium. Therefore, when a 
noble metal such as platinum and rhodium is contained at 10 atom % or 
more relative to palladium, catalyst activity on CO combustion is reduced. 
Thereupon, a noble metal such as platinum and rhodium is present in a 
form of Pt or Rh. In addition, it is known that silver, manganese, iron, 
covert, nickel, copper, vanadium and zinc are present in a form of Ag, 
Ag 2 0, Mn 2 0 3 , Mn 3 0 4 , Fe 2 0 3 , CoO, Co 3 0 4 , NiO, CuO, Cu 2 0, V 2 0 5 , or ZnO, 
and exhibit combustion activity on CO or hydrocarbon, but are inferior in 
activity as compared with a noble metal. When these are contained at 10 
atom % or more, dispersity is deteriorated, and the original activity can not 
be sufficiently exerted. 

[0010] The catalyst of the present invention contains palladium as an active 
component, and cerium as a second component, alternatively may contain, 



as a second component in place of cerium, or as a third component, oxide 
which serves like cerium as described later, that is, serves to supply oxygen 
to palladium as an active component to promote oxidation of CO, for 
example, NiO, CuO, Mn 2 0 3 , or Zr0 2 at the same time. A palladium 
element of the thus prepared waste gas cleaning catalyst is present in a 
form of PdO or Pd. Since when CO in a gas becomes a high 
concentration, CO is adsorbed onto a noble metal, and this inhibits 
adsorption of necessary oxygen for an oxidizing reaction, a tendency of 
reduction in activity is seen. Catalyst activity at that time is greatly 
influenced by an oxygen concentration in a waste gas. In the previous Pt 
or Rh catalyst, when CO in a gas becomes a high concentration, such the 
adsorption poisoning is caused, and activity is unstable, but as compared 
with this, palladium used as an active component in the present catalyst 
exhibits activity at a lower temperature as compared with the Pt or Rh 
catalyst. A cerium element contained as a second component in a catalyst 
is present in a form of Ce0 2 . Ce0 2 supplies oxygen to palladium as an 
active component, retains a palladium surface in the oxygen-rich state and, 
at the same time, promotes rapid combustion of CO of highly concentrated 
covering an active components. The state of these compounds is 
identified by a general analyzing method such as power X-ray diffraction 
(XRD). 

[0011] The waste gas cleaning catalyst containing palladium and cerium 
can be used alone, and it is also an effective method to make a powder of 
this catalyst to be carried on a substrate of a ceramic or a metal by coating, 
and use as a waste gas cleaning catalyst structure. As these substrates, 
honeycomb shape, a plate-like substrate, and wire net shape are used. In 



particular, when a metal substrate is used, heat conductivity is better as 
compared with a ceramic, a catalyst temperature is rapidly raised in the 
case of a metal even at the same waste gas temperature, and a catalyst is 
activated in a shorter time. Further, when a substrate of an electrically 
conductive material is used, it is possible to heat a catalyst electrically by 
providing a current passage terminal to form an electric catalyst, and it 
becomes possible to heat and activate a catalyst rapidly. Thereupon, it is 
better that a catalyst has an electric resistance at current passage of 0.01 to 
0.50 Q, and it is better to form a structure in which a temperature is raised 
rapidly on an upstream side than on a downstream side of a catalyst, and a 
temperature gradient is formed from an upstream side to the downstream 
side from a catalyst. 

[0012] A process for preparing these waste gas cleaning catalyst structures 
comprises mixing a catalyst powder containing palladium and cerium 
obtained by the aforementioned method, a binder, and water to obtain a 
slurry, coating this on a substrate of a ceramic or a metal, and drying and 
heat-treating this. Alternatively, the structures may be prepared by a 
method of coating the aforementioned slurry containing a porous carrier 
powder such as alumina, lanthanum aluminate (LaA10 3 ), and 
lanthanum- p- alumina on a substrate of a ceramic or a metal in advance, and 
drying and heat-treating this, impregnating this with an aqueous solution of 
a palladium salt and a cerium salt by the aforementioned method, and 
drying and heat-treating this. In the thus prepared catalyst, it is desirable 
that palladium and cerium are present in the same coating layer of a 
catalyst which was wash-coated on a substrate. The reason is as follows: 
since Ce0 2 supplies oxygen to palladium as an active component, retains a 
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palladium surface in the oxygen rich state and, at the same time, serves to 
promote rapid combustion highly concentrated CO covering an active 
component, the effect can not be exerted when present in a different layer 
from that of palladium. 

[0013] When the catalyst of the present invention is used as a waste gas 
cleaning method of contacting a gas containing a high concentration of CO 
and hydrocarbon and oxygen of a necessary equivalent for oxidizing them 
or more with the catalyst of the present invention at 100 to 200°C, and 
converting CO into C0 2 , and hydrocarbon into C0 2 and H 2 0, the catalyst 
of the present invention effectively exerts performance of a catalyst. The 
catalyst of the present invention combusts a high concentration of CO 
rapidly at a lower temperature, and combusts hydrocarbon at the same time 
by the action of palladium and cerium, as described above. Therefore, in 
the waste gas cleaning method using the catalyst of the present invention, a 
waste gas at a temperature for activating a catalyst, that is, at a temperature 
at which CO can be ignited may be contacted with a catalyst, or the catalyst 
of the present invention at a temperature for activating the catalyst, that is, 
at a temperature at which CO can be ignited may be contacted with a waste 
gas. Depending on a waste gas, a temperature does not reach this 
temperature in some cases and, in such the case, by heating with a heater, a 
temperature is raised to a temperature at which a catalyst effectively acts. 
Alternatively, by passing electricity through the catalyst, or heating the 
catalyst with a heater, a temperature is raised to a temperature at which the 
catalyst effectively acts. 

[0014] The catalyst of the present invention effectively acts by using in a 
method of cleaning a waste gas, as far as a waste gas is a gas containing 
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CO and hydrocarbon and oxygen at a necessary equivalent for oxidizing 
them or more. In particular, the catalyst is effective for combusting a 
waste gas containing CO discharged at an initial stage of automobile engine 
starting in a percentage order. In this case, an engine is operated in the 
state of fuel excessive than a theoretical air-fuel ratio to retain a CO 
concentration in a combusting waste gas at 3% or more, the air is added to 
a waste gas before a catalyst to adjust an oxygen concentration in a waste 
gas at an equivalent to a theoretical oxygen consumption amount of CO 
and hydrocarbon or more, and this is contacted with the catalyst of the 
present invention. In the method of the present invention, by disposing 
the catalyst between an engine outlet of an engine waste gas path and the 
previous ternary catalyst, this effectively acts as a method of activating a 
ternary catalyst of a dear flow with a combustion heat of hydrocarbon. 
Thereupon, since as a distance between the catalyst of the present invention 
and a ternary catalyst is shorter, combustion heat of CO and hydrocarbon is 
transmitted to a ternary catalyst without loss, the catalyst effectively acts. 
Therefore, contact between the present catalyst and a ternary catalyst is 
also one of effective means. The catalyst of the present invention is 
disposed after an engine outlet of an engine waste gas path. Since as the 
position is nearer an engine outlet, a temperature of a waste gas reaching to 
a present catalyst is elevated, CO and hydrocarbon are easily combusted. 
Therefore, it is preferable to dispose the catalyst at a position nearer an 
engine outlet in such a range that heat resistance of the catalyst is 
acceptable. 

[0015] In addition, by combining with a NOx decomposing catalyst or a 
catalyst for selectively reducing NOx by hydrocarbon, a waste gas cleaning 



method having high cleaning performance is realized. In this case, by 
disposing the catalyst of the present invention downstream of a NOx 
decomposing catalyst or a catalyst for selectively reducing NOx by 
hydrocarbon, a waste gas containing CO and hydrocarbon after NOx 
treatment is combusted. The catalyst of the present invention is effective 
not only for cleaning an automobile engine waste gas, but also combusting 
a waste gas containing CO and hydrocarbon discharged from an industrial 
combusting equipment, a civil combusting equipment or a reaction tower of 
chemical industry. In this case, it is desirable that a waste gas treating 
apparatus provided with a catalyst layer containing a catalyst of the present 
invention is provided on a discharge side of these apparatuses. The 
catalyst of the present invention effectively acts at a reaction temperature of 
room temperature or higher and 1000°C or lower, preferably 100°C or 
higher and 800° C or lower. Depending on a discharge gas, a temperature 
does not reach this temperature in some cases and, in such the case, it is 
desirable to operate so that, by passing a current through a catalyst, or 
heating a catalyst with a heater, a temperature is raised to the temperature at 
which the catalyst effectively acts, a combusting reaction is continued due 
to self heat production and at a waste gas temperature. 
[0016] 

[Example] the present invention will be explained specifically below by 
way of Examples , but the present invention is not limited to these 
Examples. 

Example 1 

An aqueous solution obtained by adjusting aluminum nitrate and 
lanthanum nitrate at Al/La (mole ratio)=95/5 was neutralized with 5M 



aqueous ammonia to adjust a pH to 8. Produced precipitates were washed 
with water, and filtered to obtain the cake-like substance, which was dried 
at 180°C and fired at 900°C for 2 hours to prepare a lanthanum- |3- alumina 
(La 2 0 3 ll to 14A1 2 0 3 ) carrier powder. This lanthanum- p- alumina carrier 
classified to 300 mesh or smaller, the cake-like substance produced by the 
aforementioned method, and water were mixed at a weight ratio of 1:1:1 to 
prepare a slurry solution for wash coating. This slurry solution was 
coated on a commercially available cordierite honeycomb (300 mesh/inch ), 
this was dried at 120°C, and fired at 550°C for 2 hours to obtain a 
lanthanum- p- alumina wash coating honeycomb. Thereupon, a wash 
coating amount of the lanthanum- p-alumina carrier is 90g/L 
[0017] 472.0g of Ce(N0 3 ) 3 -6H 2 0 was dissolved in distilled water to a 
volume of 1 liter, to prepare an aqueous cerium nitrate solution. The 
lanthanum- p-alumina wash coating honeycomb was dipped in this, the 
extra solution was removed, this was heated at 120°C, and fired at 500°C 
for 2 hours, thereby, Ce0 2 was carried. Then, this honeycomb was dipped 
in an aqueous palladium nitrate obtained by diluting 337.3cc of a palladium 
nitrate solution containing 50g/l of palladium in terms of a weight of an 
atom with distilled water to a volume of 1 liter, the extra solution was 
removed, this was dried at 120°C, and fired at 800°C for 2 hours, thereby, 
palladium was carried and catalyst A was prepared. 4g of Pd and 45g of 
Ce0 2 per 1 liter were carried in the catalyst A. 
[0018] Example 2 

According to the same manner as that of Example 1 except that a 
procedure of impregnating an aqueous cerium nitrate solution and firing 
this was repeated two times, and 168.7cc of a palladium nitrate solution 
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was diluted with distilled water to a volume of 1 liter, a catalyst B was 
prepared. 2g of Pd and 90g of Ce0 2 per 1 liter were carried in the catalyst 
of B. 



[0027] Example 7 

According to the same manner as that of Example 1 except that 
168.7cc of a palladium nitrate solution was diluted with distilled water to a 
volume of 1 liter, a catalyst G was prepared. 2g of Pd and 45g of Ce0 2 
were carried per 1 liter of the catalyst G 
[0028] Example 4 

According to the same manner as that of Example 1 except that 
209.8g of Ce(N0 3 ) 3 -6H 2 0 was used, and 168.7cc of a palladium nitrate 
solution was diluted with distilled water to a volume of 1 liter, a catalyst H 
was prepared. 2g of Pd and 20g of Ce0 2 were carried per 1 liter of the 
catalyst H. 
[0029] Example 5 

According to the same manner as that of Example 1 except that a 
procedure of impregnating an aqueous cerium nitrate solution and firing 
this was repeated three times, and 168.7cc of a palladium nitrate solution 
was diluted with distilled water to a volume of 1 liter, a catalyst I was 
prepared. 2g of Pd and 135g of Ce0 2 were carried per 1 liter of the 
catalyst I. 



[0031] Example 6 

According to the same manner as that of Example 1 except that a 
procedure of impregnating an aqueous cerium nitrate solution and firing 
this was repeated two times, a catalyst K was prepared. 4g of Pd and 90g 
of Ce0 2 were carried per 1 liter of the catalyst K. 

[0032] Example 7 

According to the same manner as that of Example 1 except that a 
procedure of impregnating an aqueous cerium nitrate solution and firing 
this was repeated three times, a catalyst L was prepared. 4g of Pd and 
135g of Ce0 2 were carried per 1 liter of the catalyst L. 
[0033] A CO ignition temperature of the catalysts B, G, H, I and J was 
assessed with a normal pressure flow-type reaction apparatus under the 
assessing condition 1. Fig.l shows a relation between an amount of Ce0 2 
to be carried in a catalyst and a CO ignition temperature. Thereupon, an 
amount of carrier Pd per 1 liter of a catalyst is 2g. A CO ignition 
temperature of the catalysts A, C, K and L was assessed with a normal 
pressure flow - type reaction apparatus under the assessing condition 1. 
Fig.2 shows a relationship between an amount of Ce0 2 to be carried in a 
catalyst and a CO ignition temperature. Thereupon, an amount of carried 
Pd per 1 liter of the catalyst is 4 g. From the results of Fig.l and Fig.2, 
when cerium is added to a catalyst carrying only palladium, as an amount 
of carried Ce0 2 is increased, a CO ignition temperature is lowered. 
However, even when added at an amount of carried Ce0 2 of 135 g/1 or 
more, more remarkable reduction in a CO ignition temperature is not 
recognized. Therefore, it is desirable that an amount of carried Ce0 2 is in 



a range of 10 to 150 g/L The effect of addition of cerium is remarkably 
recognized, in particularly, in the case of Fig.l in which an amount of 
carried palladium is small. 
[0034] Example 8 

168.7 cc of a palladium nitrate solution containing palladium at 
50g/l in terms of a weight of an atom was diluted with distilled water to a 
volume of 1 liter to prepare an aqueous palladium nitrate solution. The 
lanthanum- (3- alumina wash-coated honeycomb prepared as in Example 1 
was dipped therein, the extra solution was removed, and this was dried at 
120°C, and fired at 500°C for 2 hours, thereby, palladium was carried. 
Then, this was dipped into an aqueous cerium nitrate solution obtained by 
dissolving 472.0 g of Ce(N0 3 ) 3 -6H 2 0 in distilled water to a volume of 1 
liter, the extra solution was removed, and this was dried at 120°C, and fired 
at 500°C for 2 hours, thereby, Ce0 2 was carried. A procedure of making 
cerium to be carried therein was performed two times, and this was fired at 
800°C for 2 hours to prepare a catalyst M. 2g of Pd and 90g of Ce0 2 
were carried per 1 liter of the catalyst M. 
[0035] Example 9 

A commercially available y-alumina powder (average particle 
lanthanum- (3- alumina diameter 1|0,), a commercially available alumina sol, 
water were mixed at a weight ratio of 1:1:1 to prepare a slurry solution for 
coating. This slurry solution was coated on a commercially available 
cordierite honeycomb (300 mesh/inch 2 ), and this was dried at 120°C, and 
fired at 550°C for 2 hours to obtain an alumina wash-coated honeycomb. 
Thereupon, an amount of wash coating of an alumina carrier is 100g/l. 
472.0g of Ce(N0 3 ) 3 -6H 2 0 was dissolved in distilled water to a volume of 1 



liter to prepare an aqueous cerium nitrate solution. The alumina 
wash-coated honeycomb was dipped in this, the extra solution was 
removed, and this was dried at 120°C, and fired at 500°C for 2 hours, 
thereby, Ce0 2 was carried. After this procedure was performed two times, 
this honeycomb was dipped in an aqueous palladium nitrate solution 
obtained by diluting 168.7 cc of a palladium nitrate solution containing 
50g/l of palladium in terms of a weight of an atom with distilled water to a 
volume of 1 liter, the extra solution was removed, and this was dried at 
120°C, and fired at 800°C for 2 hours, thereby, palladium was carried, and 
a catalyst N was prepared. 2 g of Pd and 90 g of Ce0 2 were carried per 1 
liter of the catalyst N. 
[0036] Example 10 

lOOg of a lanthanum- p- alumina powder prepared by the same 
method as that of Example 1, 88cc of a palladium nitrate solution 
containing palladium at 50g/l in terms of a weigh of an atom, 124.9g of 
Ce(N0 3 ) 3 -6H 2 0, and 200cc of distilled water were mixed, and this was 
wet-kneaded with a grinding machine for 1 hour. This was dried at 120°C, 
and fired at 800° C for 2 hours to obtain a catalyst powder. This catalyst 
powder, a cake-like substance produced by the same method as that of 
Example 1, and water were mixed at a weight ratio of 1:1:1 to prepare a 
slurry solution for coating. This slurry solution was coated on a 
commercially available cordierite honeycomb (300 mesh/inch 2 ), and this 
was dried at 120°C, and fired at 550°C for 2 hours to prepare a catalyst O. 
4g of Pd and 45g of Ce0 2 were carried per 1 liter of the catalyst O. 
[0037] A CO ignition temperature and a hydrocarbon combustion rate of 
the catalysts M, N and O were measured with a normal pressure flow-type 



reaction apparatus under the aforementioned assessing condition 1, and 
catalyst activity was assessed. From results shown in Table 3, even when 
a catalyst is prepared by a different method, stable catalyst performance is 
obtained. 



[Table 3] 



Catalyst 


CO ignition temperature^ ) 


Hydrocarbon combustion rate(%) 


Example 8 


M 


105 


80.0 


Example 9 


N 


135 


85.5 


Example 10 


O 


140 


81.5 



[0038] 
Example 11 

A metal substrate obtained by expansion-processing a ferrite-based 
stainless steal thin plate containing no aluminum, and ejecting aluminum, 
and a thin plate metal substrate with wave-like irregularities imparted 
thereto were piled up, and wound into a cylinder, to form a metal 
honeycomb structure. According to the same manner as that of Example 
1, a slurry solution for wash coating containing a lanthanum- (3- alumina was 
prepared, a procedure of coating this slurry solution on a metal honeycomb 
structure, and drying this at 120°C, and firing this at 500°C for 2 hours was 
repeated to obtain a lanthanum- (3- alumina wash-coated metal honeycomb 
was obtained. Thereupon, a carrier adhesion amount is 70g/l. Then, a 
procedure of dipping this in a 50wt% cerium nitrate hexahydrate solution, 
drying at 120°C, and firing this at 500°C was repeated, thereby, Ce0 2 was 
carried. Thereafter, an aqueous palladium nitrate solution containing 
3.8wt% of Pd was prepared, and a procedure of dipping the honeycomb in 



this, drying at 120°C, and firing this at 500°C was repeated, thereby, 
palladium was carried, and a catalyst P was prepared. 4.4g of Pd and 57g 
of Ce0 2 were carried per 1 liter of the catalyst P. 

[0039] A CO ignition temperature and a hydrogen combustion rate of the 
catalyst P were measured using a mimic waste gas with a normal pressure 
flow-type reaction apparatus under the following assessing condition 3, and 
catalyst activity was assessed. A catalyst was heated to 125 °C with a 
heater tightly adhered to a catalyst periphery, and a mimic waster gas was 
introduced into a catalyst layer. At this temperature, 100% of CO in a 
waste gas was combusted, and a combustion rate of hydrocarbon was 
shown to be 81.1% or higher. 
[Assessing condition 3] 
Space velocity (SV)-8000h _1 
Gas composition —CO 7.6% 
THC* 530ppm 
0 2 5.8% 
N 2 Balance 

*THC: total hydrocarbon, in terms of N-hexane conversion 
[0040] Example 12 

An electrode was disposed at a center and an outer periphery of a 
lanthanum- p- alumina wash-coated metal honeycomb prepared by the same 
method as that of Example 1. A perspective of this metal honeycomb is 
shown in Fig. 10. In the figure, 29 is a metal honeycomb, and 30 is a 
current passing terminal. This was made to carry Ce0 2 and Pd by the 
same method as that of Example 11. This was cased in a metal container 
provided with an introduction port, a discharge port, and a thermocouple 



inserting port for a waste gas, and a catalyst Q was prepared. Waster gas 
cleaning performance of the catalyst Q was measured using a mimic waste 
gas under the following assessing condition 4, and catalyst activity was 
assessed. A gas was introduced into a catalyst layer and, at the same time, 
a current was passed through the catalyst Q with a 24V lead battery to 
elevate temperature. When a catalyst temperature reached 120°C, current 
passage was stopped, but elevation in a temperature was continued. A CO 
combustion rate when a catalyst temperature is elevated to 150°C or higher 
was 96.0%, and hydrocarbon combustion rate was 86.4%. 
[Assessing condition 4] 
Space velocity (SV)-5000h 1 
Gas composition— CO 7.6% 
THC* 530ppm 
0 2 5.5 % 
N 2 Balance 
[0041] Example 13 

Fig. 3 is a view showing a waste gas cleaning apparatus of one 
example of the present invention. A ternary catalyst 4 which is usually 
used in an automobile as a waste cleaning catalyst was disposed in a 
discharge path 2 of an engine 1, and an oxidation catalyst 3 was attached 
upstream of the ternary catalyst 4. The oxidizing catalyst is a catalyst 
showing high activity on a high concentration of CO and hydrocarbon, 
which contains palladium and cerium, and was prepared by the same 
method as that of Example 2. An air supplying apparatus 5 was 
connected to an upstream side of the oxidizing catalyst 3 via a control valve 
6. Signals from a temperature sensor 8 and an oxygen sensor 9 attached 



to an outlet for an oxidation catalyst, and a discharge flow amount 
calculated from a rotation number of an engine were taken into a control 
unit 7 and, based on this, an air supplying apparatus was controlled. In 
addition, a temperature of an oxidation catalyst, a temperature of a gas at an 
oxidation catalyst outlet, and an air-fuel ratio at a catalyst inlet were 
measured and, based on the signal, from engine starting to activation of a 
ternary catalyst, and engine was operated in the state of excessive fuel over 
a theoretical air-fuel ratio, and operation was performed so as to retain a 
CO concentration in a waste gas at 3% or higher. After a temperature of a 
ternary catalyst was elevated to an activation temperature, an air supplying 
apparatus was stopped, and an air- fuel ratio of an engine is controlled based 
on a signal of an oxygen sensor. 
[0042] Example 14 

Fig. 4 is a view showing a waste gas cleaning apparatus of one 
example of the present invention. A ternary catalyst 4 which is usually 
used in an automobile as a waste cleaning catalyst was disposed in a waster 
path 2 of an engine 1, and an electric catalyst 11 was attached to an 
upstream side of the ternary catalyst 4. The electric catalyst was obtained 
by wash-coating a catalyst containing palladium and cerium on a metal 
honeycomb substrate, and was prepared as in Example 12. A current is 
passed through the electric catalyst from a battery 13 via a switch 12 based 
on a signal sent at the same time with engine starting, and the electric 
catalyst is heated. When a temperature of the electric catalyst is raised to 
an activation temperature, current supply from a battery is stopped by a 
signal of a control unit. An air supply apparatus 5 was connected to an 
upstream side of the electric catalyst via a control valve 6. Signals from a 



temperature sensor 8 and an oxygen sensor 9 attached to an outlet of the 
electric catalyst, and a waste flow amount calculated from a rotation 
number of an engine were taken into a control unit 7 and, based on them, 
an air supply apparatus was controlled. In addition, a temperature of the 
electric catalyst, an outlet gas temperature and an air-fuel ratio at a catalyst 
inlet were measured and, by those signals, from engine starting to 
activation of a ternary catalyst, an engine is operated in the state of 
excessive fuel over a theoretical air-fuel ratio, and operation is performed 
to retain a CO concentration in a waste gas at 3% or higher. After a 
temperature of a ternary catalyst is raised to an activation temperature, an 
air supply apparatus is stopped, and an air - fuel ratio of an engine is 
controlled by a signal of an oxygen sensor. Charging into a battery 13 is 
performed by electricity generated by a generator 14 during steady running. 
[0043] Using an gasoline automobile provided with a waste gas cleaning 
apparatus of Fig. 4, LA-4 mode operation was performed with a shassis 
dynamo motor, and total HC and a total amount of discharged HC, CO and 
NOx was measured. An engine of a gasoline automobile used is 2000cc 
serial 4-cylinder DOHC. The electric catalyst is disposed upstream of a 
ternary catalyst. A volume of the catalyst is 0.4 liter in the case of the 
electric catalyst, and 1.3 liter in the case of the ternary catalyst. Electric 
passage into the electric catalyst was performed at 1 kW for 40 seconds 
from LA-4 mode starting. A secondary air was dispensed at 110 liter /min 
for 2 minutes from LA-4 mode starting. Table 4 shows results thereof. 
In Table 4, a total waste amount of HC, CO and NOx in LA-4 mode 
operation is indicated by Emission (g/mi), and a total waste amount of 
A-Bag (for 505 seconds from LA-4 mode starting) is indicated by A-Bag 



(g/p). 

g/mi— >g/mile 
g/p-»g/phase 



[0045] Example 15 

Fig.5 is a view showing a waste gas cleaning apparatus of one 
example of the present invention. A NOx degrading catalyst 15 as a waste 
cleaning catalyst was disposed in a waste path 2 of an engine 1, and an 
oxidation catalyst 3 was attached downstream of the NOx degrading 
catalyst. The NOx degrading catalyst is such that Cu-ZSM5 is 20wt% 
wash-coated on a monolithic carrier made of cordierite. The oxidation 
catalyst is a catalyst showing high activity on CO and hydrocarbon which 
contains palladium and cerium and was prepared by the same method as 
that of Example 1. An air supply apparatus 5 was connected to a 
downstream side of the NOx degrading catalyst and an upstream side of the 
oxidation catalyst 3 via a controlling valve 6. Signals from oxygen 
sensors 9,9' attached to outlets for the NOx degrading catalyst and the 
oxidation catalyst, and a temperature sensor 8 attached to an outlet of the 
oxidation catalyst, and a waste flow rate calculated from a rotation number 
of an engine were taken into a controlling unit 7 and, based on them, an air 
supply apparatus was controlled. 
[0046] Example 16 

Fig.6 is a view showing a waste gas cleaning apparatus of one 
example of the present invention. A catalyst 16 for selectively reducing 
NOx by hydrocarbon as a waste cleaning catalyst was disposed in a waste 
path 2 of an engine 1, and an electric catalyst 11 was attached downstream 



of a catalyst for selectively reducing NOx by hydrocarbon. A catalyst for 
selectively reducing NOx by hydrocarbon is such that Y-alumina is 20wt% 
wash-coated on a monolithic carrier made of cordierite. An electric 
catalyst is obtained by wash-coating a catalyst containing palladium and 
cerium on a metal honeycomb substrate, and was prepared as in Example 
12. A current is passed through the electric catalyst by a battery 13 via a 
switch 12 based on a signal sent at the same time with engine starting, and 
the electric catalyst is heated. When a temperature of the electric catalyst 
is elevated to an activation temperature, electricity supply from a battery is 
stopped by a signal of a control unit. An air supply apparatus 5 was 
connected to an upstream side of a catalyst 16 for selectively reducing NOx 
by hydrocarbon via a control valve 6. Signals from a temperature sensor 
8 and an oxygen sensor 9' attached to an outlet of the electric catalyst, and 
a waste flow rate calculated from a rotation number of an engine were 
taken into a control unit 7 and, based on them, the air supply apparatus was 
controlled. After preparation of an engine reached the steady state, the air 
supply apparatus was controlled by signals of an oxygen sensor 9 on a 
downstream side of the catalyst 16 and an oxygen sensor 9'ona 
downstream side of the electric catalyst. Charging into a battery 13 is 
performed by electricity generated by a generator 14 during steady running. 
[0047] Example 17 

Fig.7 is a view showing an industrial waste gas cleaning system of 
one example of the present invention. A waste gas is introduced into a 
heat exchanger 25 by a blower 24 disposed on a waste side of a reaction 
tower 21 of chemical industry generating a byproduct gas containing, as a 
main component, propane, propylene, CO and acetic acid. A waste gas is 



heated to an activation temperature of a catalyst with a combustion waste 
gas introduced into a heat exchanger 25 from an outlet of a catalyst 
combustion furnace 22, and is introduced into a catalyst combustion 
furnace 22. A catalyst which is obtained by wash-coating a catalyst 
containing palladium and cerium on a monolithic carrier made of cordierite, 
and is prepared by the same method as that of Example 1 is filled into a 
catalyst combustion furnace 22. A combustion air is mixed into a waste 
gas with an air supply apparatus 23 , and combustion of a waste gas 
progresses in a catalyst combustion furnace. A combustion waste gas 
heats a waste gas introduced into a catalyst combustion furnace with a heat 
exchanger and, thereafter, is introduced into a waste heat recovering boiler 
26, further recovers extra heat and, thereafter, is released into the air 
through a waste path 27. 
[0048] Example 18 

Fig.9 is a view showing a waste gas cleaning apparatus of one 
example of the present invention. A converter obtained by integrating a 
ternary catalyst 4 and an electric catalyst 11 which are usually used in an 
automobile as a waste cleaning catalyst was mounted in a waste path 2 of 
an engine 1. An electric catalyst is obtained by wash-coating a catalyst 
containing palladium and cerium on a metal honeycomb substrate, and was 
prepared as in Example 12. An electric catalyst side of the integrated 
converter was disposed on an engine outlet side. A current is passed 
through the electric catalyst by a battery 13 via a switch 12 based on a 
signal sent at the same time with engine starting, and the electric catalyst is 
heated. When a temperature of the electric catalyst is raised to an 
activation temperature, electricity supply from a battery is stopped by a 



signal of a control unit. An air supply apparatus 5 was connected to an 
upstream side of the electric catalyst via a control valve 6. Signals from a 
temperature sensor 8 attached to a ternary catalyst inlet side and an oxygen 
sensor 9 attached to a ternary catalyst outlet side, and a waste flow rate 
calculated from a rotation number of an engine were taken into a control 
unit 7 and, based on them, the air supply apparatus was controlled. In 
addition, a temperature of the electric catalyst, an outlet gas temperature 
and an air-fuel ratio at a catalyst inlet were measured and, based on those 
signals, from engine starting to activation of a ternary catalyst, an engine is 
operated in the state of excessive fuel over a theoretical air-fuel ratio, and 
operation is performed so as to retain a CO concentration in a waste gas at 
3% or higher. After a ternary catalyst is raised to an activation 
temperature, the air supply apparatus is stopped, and an air-fuel ratio of an 
engine is controlled by a signal of an oxygen sensor. Charging into a 
battery 13 is performed by electricity generated by a generator 14 during 
steady running. 
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It) =9 5/5(C|SK(y/c*?§?g^5M©T> ; e-T* 
rfflJU pH = 8tLfc. £)&U/cttf8£7kiSfc, 5® 
Gfc-Jr-*t#W§|£. 1 8 0'CT§£*gf£9 0 0'C2B#K 
£&?XU7>2> • /3 • T)l>5.i- (La, O, -11~1 
4 A I , O, ) m#®3i*ffi&Utc. 3 00 J v 



(5) HW5-2 85 38 7 

S 

Tft#i{RLfcC©5>£> • (3 • T^5^Si*i. ±12 
#£r£^L/c^ *£ ^rfiSib-C 1 : 
1 : lrateO-**?^*:!- HX7'J-i4lffil/ 

inch 2 ) tCCOX7l)-SI:3-f.(>yi, 12 0'C 
5 5 0"C-C2fi!F^^U. 7>^>-/3-T;U 
5 :f h^x^A^rfffc,, C©B$^>£> 

• /3 • TJUS^Sf*©^:*-^^- 90g/ 

1 -c*£. 

10 [0 0 1 7 ] 4 7 2. 0 g©C e (NO, ) , • 6H, 
?->:*3- h^x*7A&«jftU &#&jgi&£l&SL-t 

a>e>. i 2 o-ce$aiif&5 o o-c-c2B#p^^-r^ci 
7^a£ji^©s«t5 og/i ^rr*,?^^^ 

■?A«3 3 7. 3 cc*^,@7K-C#J6ROf*a 1 V v Y)\>t 

LXfr?>> 1 2 0*C-C$£*if£8 0 0*Cr2B#P^^Lr 
20 ;-Cvy^A£*0}#U fi4JSA£P!S¥L,fc. fi4$£A«. 1 
Vv h^DPddUg. CeO, #4 5 grffl^SftT 

[0018] »SF!j2 

^?r2[p|^0iIL, mm^^^Ammi 6 8. 7cc 

*is*-ct«b*ii y h^iT-s>«^«siiffiFiii 

Pd#2 gr, CeO, 0 gmftZtiX^ 

fc„ 



30 [0019] ttmm i 

gifF©*^m\ M^c^sa^Lfc. m^cit. 1 y 

[002 0] ib^J2 

«5St«l 1 {cfc^rffi^-fe y A*?^^ylO«E)jK-r s 
glf^Tt)^ ffi^^y?A^©^i3«:e^M 
^©Sfi"C5 0 g/ 1 ^#-TS^{be#K?g®3 3 7 . 

3cc*m%*vmmi,imi y »^ h^io/c^ba^K 
40 *?g^^au^-rs«wijiiii0iii ip«o*ffi 

T. fife® DzmmLtc. 84«®D«, 1 h^OPt 

[0021] imw3 

$mmi «C*JUT, Ce (NO, ), -6H, o©*^t> 
OKCo (NOj ) , • 6H, O 6 8 0. OgZ&M 

■rzumtmmMi tmm^m-c. mmezimmo 

tc. fife®E«> l'J";F;^0Pd*4g, Co, 0 4 

*u 5 gjajtsnrt^c. 

[0 02 2] J:b®^4 
&0 Sfefetai HCfct^-C. C e (NO, ) j -6H, 0©#>*> 



(6) 

9 

9(CMn (NO, ) i • 6 H, O 6 8 1. 6g4fiW * 

•?z>\mimmw\ tmmoxm-e. imF&mmu 

tc «4^F«. 1 v h;U^0Pd*i4g, Mn, O s 
[0 02 3] ±IS<DMi®A. B. C, D. E. FOCO 

Tzmmgkftucz'ommLtc. ccrcot« 
fmmiciixzmAL. imkcoiwio 

fc„ wmi&Mkzm i cc^-r. it>?ggco&$$5s-rs*i£- 
Ao^sfijatc o^f ?6(c v >^<j> 



mffl¥5 - 2 8 5 3 8 7 
10 

S>9 A©#£JH#Lfc&BigC J: 0 4>^CC?Stt*sfiTL-C 

eats**- eta***. 
[0 02 4] cme^n 

3MRSiIfi(SV) • • • SOOOOh" 1 

^'XifflfiS • • - CO 3. 0 % 

7'a/-c> o. 1 % 
O, 6. 0 % 

[«1] 



in m 




fc^mmm <*> 




A 


13 9 


8 1.0 




B 


12 8 


9 1.5 




C 


16 5 


7 8.0 




D 


2 5 0 


11.5 


Jfc8M3 


E 


18 2 


7 0.0 


warn* 


F 


2 18 


14. 0 



[002 5] ±E©AM«B©CO#*fiKROf&{b** 
«a**W<ttr>-Cfc3?jELfcCOjlWftiStt**l/. co 

& 2 



[0 02 6 ] Ci¥ffi^2] 
^iia(SV) • • -3 00 0 Oh" 1 



o, 

N, 

[«2] 



CO 



6. 0 % 



0. 1 % 
6. 0 % 



* m 


COiSS (%) 


COS*M£ CC) 


mwmmm <*) 


B 


3. 0 


12 8 


9 1.5 


6. 0 


12 2 


10 0.0 



[0027] m&ms 

mmmi <c*si>xvm'*5t?v/*mi 6 8. 



7 cc*mm 



50 



01 

>3Pd*52g. CeO, #4 5 gJUSSftT 

[0028] mmm* 

HJfcflll lCte^X2 0 9. 8g©Ce (NO, ), -6 
H, OfcfflK BSK'^t^AfflU 6 8. 7 cc^S* 

Pd#2g. CeO, #2 0 gJUfSftTt^fc. 
[0 02 9]H)5S^|5 

iusw i tos^-cmm* y 9 oastr 4 

»ffi*3@li»)jgl/. SW'^S^AfciRl 6 8. 7cc 

iHW&^ffir. MM I St/mutt. MM I tat. 1 ') "j 
h^S»JPdAS2g, CeO, ft 1 3 5 gfflf#£ftT l> 

fc. 

[0 03 0] ftt!M5 



*ff*fftof, flM'<9S?9A*HR 16 8.7 cc«XKS 



»5-285387 
12 

"~*A*gOtU *^«C««*M8*Or*»6. 120 

•cr$s*& 5oo'cc2 Btfa&js-r a c £ k «£ >j > ^ 

S^ASrfflfJUfc. ^CCCtvSr, 472. OgOCe 

(no, ) , -bh, o&m&*-cmmu#mi y» h 

*t/o&»e>. i 2 o*cne««5 0 0TW2ll»W»iSO 

CeO, £SJ#l/)t„ C©4zy 3A£fflfcH-.S&ft£2 
Btfl». 8 0 0 •Ct?2^ffl*&SbrftW«M*iSSL3t. 

l'J^h;^!)PdA52g, CeO, #9 0 

gty#«**vct>;fc„ 
[0035] mrnma 

rUISCDr-T^3^|»* (¥^&5>£> • (3 • r;us 

1:1: l-Cil^Oa— ^-/^yffl^^y-jfiifeaiiJfL/ 
fc. fI<D3-i/s7-( h-^-#A (3 0 0^r>a/ 
inch 2 ) CCC©*^y-?K43-?V>£'U 120°C 
-Cf£M&5 5 0'Ct?2B$P B 1^Sb. TfrS.i-VXvi'*. 

^3-H«. 100g/lt*5. 47 2. 0 g©C 

e (no, > , • 6H, o£^g*rygfi?L#su y » 

LT *> 6. 12 0 °C-CSagf* 5 0 0 °CT? 2 B$|ffl«&£ 
-TSCifCj;*). CeO, Zmftbtc. C©»fP*2S 
ff -7 fcfg C ©^ - 27 A £ . /< 5 £ A ^^^©117 5 
0ff/ld*-**SllBI'<?S?9Aiftl 68. 7cc«KS 

*ftiRi/a«i y i» hJbiufc»^y>)A*M 
&8 oo-c-c2mmi&mvx'-i7Wi»>s:tmb> mm 

N^mMLtc, ftiMNtt, 1 V v h-»U^<3 Pd#2 g, 
CeO, #9 0 gfi^Sntt^fc. 
[0036 ] gUSF! 1 0 

:M&p£l 0 0 gi, J^W&ZMfrvm.mxbQs/ 
l^ftf £5&m'<5'y9A?fc8 8cci. Ce (NO, ) 
, • 6H, O 12 4. 9 gi, &S*2 0 0 cc£jg-£ 
Lfcfg. 7-f*'f + -ciB#raMS;ii^L/c„ Cft£. 1 
2 0 -C-C|2jSft 8 0 0-C-C2 B#ffflS£l?X LT 
fc. SU&0J1 t|Sl«©^r*/SOfc 

^r-*tt^Si, *££M1£-C1 : 1 : ltl^Oa 
--•fw ^fli* BBS TlTBSOn-y^^ 

-C f->-^#A (3 0 CXi/i^/inch' ){CCCDX^y 
-jfcSra-T--/ 120'CrM5 5 0-CT2 

mmmiL. Mio^asifc. ftB®o«. . 1 y* h 

*30Pd*54s, CeO, *i4 5?I^3tlTWc. 
[0 037 ] ±K©M«M. N, 0©COS*SKRt>' 



9P d#2 gffi^gti-CC^c 

[0031] mums 

tiff « 2 HISS 9 jg-rfcWttHteflU 1 i H«tt*ffit?. 84 
^K*ia«bfc 0 MJiKlJ. 1 'J v hJU^«3Pd*J4 

g. ceo, *59o gtm ^ nn»fc„ 

[0 03 2] HJ60H7 

»ff*3 0«Oig , rJiyW3:*»Wl )54 
j«L*W«l/fc. fi4^L«. 1 y Pd#4 
g. CeO, &1 3 5 gjHftsn-r^/c. 

[0 0 3 3 ] ±IB«4®B. G, H, I. J©CO#^cS 
K*. «BE«taS0Sl£aa'C±8BIWB*fl : 1 (c «fc 0f¥fflfi 
L/C. 01tC«4^<DCeO, ffi^Si COS^SS©KI 

^*^-r„ co^©MJii y » v )vm*)<op am^&it 

2gT*S. ±IBM^A. C. K. LCCOt^iSg 

^. ws^ca^e^a-c jjBrnei^ 1 tc j; «j ms o 

fc. 02(C8!B«©CeO, iSJ#a <tCO»^cSJKcDK^ 
C©B$CDfi4^1 y -j h;U^0cDPdfiJ#*«4 
g-C^S. SlSO'S2CD^J:»3. J^itV^OfrZ: 

m&LtcMMicizv>yA%mija?2>t> ceo, ta^a 

Otf^i^iCCO^iaa^TL-CtK. L^O. c 

eo, aj#ai 3 5 g/i«±asjnur^. ^nti±© 
iS*^co#^caK©fiT«ss*e>n)5:^. seo-r, c 

eO, ©JS^Ffitil 0-1 5 0g/l©llK*SCi 

i2 y^A©^Mia)m«^(c^-5^^Ati^ 

[0 0 3 4] ggSS«ai8 

^-7i>^A>&M^©SS-C5 0 g/ 1 ^WT^'^^ 

A?g i 6 8 . 7 cc^mm^-c^m l#& i y f ^ 



C8) 



13 



«rR§¥5-2 85 38 7 
14 



[*3] 



tt ft 


cott*wc rc) 






M 


10 5 


80. 0 




N 


13 5 


8 5.5 


^afiwi o 


O 


14 0 


8 1.5 



[0038] mmm 1 1 

4lW>FJ||ILfcRTA'Si')A*»«Lfc4i 
Sf*£. Cti{C«aROIHCi*#W 

L/C 01*6011 tmU^m-C 9 ■ (8 -TJUS^ 

^IS^x^AttfifticC©^'^^^-^ > 
V l> . 12 0 •cria*« 5 0 o •c-e 2 B^H^fS-r fttiflS 
*«6jIL. ^>*> • £ • 7A5t^*? J/a3- h& 
JS^-#AJ&«fc. C©B#©}I<*-tf»S{;t7 Og/lt 
W»Hsy9AAzMDW5 0wtH*«K:cft 
*S«L 1 2 0 •CT*a*»5 0 0 XTCjK«W4«ff*« 
jILCeO, £tI#Lfc. *©f£. Pd3. 8wt%£^ 

1 2 0-Ct?*a»«5 0 0*Cr«&aWSiW¥*»iE 
l^y^AtlWU. B4!j«P£l«Ufc. flttgPtt. 
1 »; v h*M§»> Pd#4. 4g, CeO, #57 gSJ# 

atretic. 

[0 03 9] ±fEtt&P©CO»*fi^TOb*3&*!* 
S)Ezii£jlS;JSit^g-CTfai¥ffi^fr3©«figf 

^KioanssL. ^rStt^fFffiL/c tt&jf-jatev 

OttlOO . 0Hi»K3R©jKjR4S« 8 1. 1 

£R8iSg (SV) • • • 8 0 0 0 h- 1 

■ • ■ CO 7.6% 



5 3 0 ppm 
5. 8 % 



THC* 
N, 

*THC : h-^U/W KD*-^>, n — 

[0 040] g&ttffl 1 2 
mmmi l £l^1i©:£ffirSSli*L/£:7>*> • /3 • T)V 

£f9:Wfc. CO^JI^xtfA©^.^^ 1 OtCTjVT. 



20 



30 



40 



50 



ChK, mt&Ml li0i©*itCeO, S.f>*P 

S?i£Ufc. ±K)!*«Q©»*^iWbtttt*. TIBSffi 
fc. #**«9WK*AT*£I5H$«C. 2 4VOfr<» 

^'j-cMj®Q«:aso»ftS4^iai/fc. (S4i&?asi 2 0 

•CCC ftofciC % -CiiH£fi»± L fcWH*iJW* J*tl L 

fc. ttdxaaw 1 5 o-ct,c±MLtcm<Dcommmit9 

6. 0%. Ht*ili¥B8 6. 4K**nl/fc. 

zasimg. (sv) • • • 5 00 oh- 1 

#X*Ui£ • • • CO 7.6% 

THC* 5 3 0 ppm 
O, 5. 5 % 

[0041] mm 1 3 

03 \**&w(o-mmm<DmifxMt&mzni;T®v$> 

4. x> t?> 1 ©gpmjlSS 2 CcSBtfHbMJK <t l r ant 
S«i*«:fflt»6tiS=7cl«K4*E«0. HtcM$4© 
±aMKBMfcttlI3*K9ttC*ft:. ^Ott^tt. *95> 
A £ * 'J ■? A €rS & iSliSS© C O £ £H b*5£CC IS 
l»«tt**-rtt»r* <3 . *5S01 2 £ R«©:&ffi 
Ufc. ^b««3©±S»CW:. «BWP6*^-L"r2S« 

•fe>1>-8 £KSi-fe>-y-9#>6©{g#. St>*x>y>©@ 
<BBE*»6»fflbftJf«iiiaS**9»a- » h 7 ftIKO 

*8f4ajM©t*as-cx>i»4»^bgf^4i©c omm 
[0042] mmm 1 4 

04 «*^^©-*S604©SW^mbSgS%*-rHr* 
4. x > y > 1 ©SKUI8S 2 tcPMHUHW £ O r ffi^r 



15 

■C#as -2. i . MW*~ 9 h ©fi#«c J: •) ^ » f - y *» 
6^ltSM«gI5^gWc. 1i*feBE8<DtHP 

•)«»ii»Otjl«rJ >5? >£»f£LgM7X4i©C 0$ 

-y-©fi# fc: J: «3 y.Z/V>i/<Dgm£*nWrZ>. * v f- y 
1 3 ^©5ft«tt. ^jfcfT *(c36«t5 1 4 tc J; 0 HH;* 20 

[0 043] m4(Dm*jxmms%:WLmLtc*fv y > 

*£JBlV ^t^^t^-^tLA-4t- Fills 
**5C&t» h-£;UHC, COREWOxjgffllfr&gl^ 



(9) #53-^5-2 85 38 7 

16 

* l/c mwcijv y >f©i>y>«2 0 o o cc. a:5u 

4«fJDOHC-C*2.„ ^aM^«H7cW^±*tCiS:S 

sntt,^„ ^©SSfctsmfttiSo. 4 y v h>k = 
Tcfctgg l . 3 y 5. h;i/-c*s„ n»M$£^©j!ii« l kw 

-CLA-4*- FX*- HB#*>64 0#iatC*$C>tCo 
/c i>^>?-*-* K^xTs}<>7"t?Zl^M*L 
A-4*- FX£- hB##>P> 1 1 0 y s» h;U/min "C2 
^MiAWc, SS4 K-eolfeSlfcjn-f . *4CC*jl,>r < 
LA-4t- Fjiig&t*JW£HC, CO, NOx©*f#E 
1C t±Jjl£ Emission (g/nri) T*. A-Baq (LA-4t- 
FX I- ts>h 5 0 5 (DmmmZA -Bag ( g 
/p ) TTnbfco 
g /mi — ♦ g /mi 1 e 

g/p -» g /phase 



[0 044] Jt&WB 

©8E#x?fKb$sa£l§:gL/c#v y>**m>. 

£JUHC. CORO'NOxOSFtHS^rS'J^Lfco ffl<,>/c 
#V y >*H3Lkaa«tfcW l 4 iH-C*4. HtcHJWU 

[S4] 





mmmi4 




Emission 
(g/mi) 


CO 


1.682 


4.199 


HC 


0. 43 2 


0. 843 


NOx 


1.064 


1. 124 


A -Bag 

(g/p) 


CO 


20. 847 


4 7. 7 5 3 


HC 


3. 7 5 0 


7. 424 


NOx 


2. 7 9 9 


7. 406 



gi4 &ttmi®nnfm*=Kfm±.WLtcig!&-f z c 



[0045] mmm i 5 

£>. x>^>l©Sf»ji8S2(cPm^{bft4«iLTNO 
xftMtem 1 5 *BBSU NO x.ftMfm<DTmicWHt 

i7-( hSg*^yx*0WCCu-ZSM5£2Owt%? 



50 



Ai -tr y 3 A^^WT £C O iK{b*^Cii5l^tt?r7F 
■tm^-c* y . mmm 1 <fc |3ffil©7r&-Ci!{j* L/c„ N O 

£;frLT£m«i!6i3g5£giS&L/c„ NOx»iMii 
MftftB»OWP«:«{«WA:i»-b>^9. 9' . Mffctt 

/«©ttiP(cro#w/caa-fe>-y-8^6©ft^. s^x> 

•5CCL//C. 

[0046] 1 6 



17 

S. x>^> l <DSF«ffi8S2 {cgf^^bWsJgi orgHb 

ifcKII^MJS 1 l*HX»)ttWfc. £Hb7k3£«cJ:9NOx 
*»9?WK:jl7c-raJI*»£ l/Ttt. 3-yi7./l-gt 
^ ■JXfif*(CT-TJl'5 7 u £2 Owt%->* yi^a- h 

L/c€>©r*s. mmM&B^ji^xtfASttsc^y 
y i 3j:o«fiui^(c^^n«suw»«AMidn 

*jp:zx h ©ff #{c J: 0 * v 7- *6©iiBffjt3h 
S» Kfb**(cJ:0NOx*a*?WK:fi7c-r4*B«i 6 
©±8SEffliJtt B. 8«# 6 TgAtttetta 5 £ftft 

>-?9' 3&»6©fi^. &tfx>5>>©0fE** 1 6«Hb 

4{cSa«|&«ElK*IWWr*J:9tcL*:. x>i»©» 
^SSTOKI^fctB, Mtt 1 6 ©TSEffl'J©®^ 

^©asw*. sm^tf mmn®. 1 4 K «fc n fsmsn/c 

[0 04 7] 1 7 

07 «*^<D-HJi^©a«gf^X^b^^f A£^ 
-?m-C$>&. 7"atl/>, CO. g^KH^ri 

j&#£^ss9£#*&#^**fb^ii£©sitJ£2 i© 

g2 5CC^A^nS„ SM/XB. tttigjKj^2 2tfOQ> 

•So M»gjK«BP2 2(CB. A7j/'7Ai-fe'J')A4tt 
3- h Lfc*>©T3lSH.« 1 &B*©#ffi"C«ft3*lfcll* 

tfr*. j^^f^B^^s-cto^ji^^^A^ti 

tt3 6K&*©&*|5|lKt,;fc&. SMaiIS82 IfrhAOx 
[0 048] HJfifll 1 8 

09 B*^©-suswi©gwx^t^s*7n-r0-c* 

S„ x>S?> 1 ©P^MSS 2 (CgEMSKbftS&i C-CjiS 
eStl$fCffl^6nSH7cM^4<!:«mfl4^1 l£-#{b 
b/c3>^'-^43(«5#Wfc. 1t«M&B:£li^x2>A 
g#CC^7 i? 1 ? AiHz y "5 ~> 
»3-F L./c4>©T?||ifc0!! 1 2 trntikKsmij-tc. 



10 



(10) ^?5-28538 7 

18 

9 5 1 1 2 1/< ? <) 1 3 j: <3 n§mmtcmm&m 
txmmmimmztiz. m5mm>m&&m&<m& 

*^©ji^Bff±5tis. mmm<D±mmiat. mm 

^42>1f9^6©ff^ SO'x>^>©|51lK^e.m 

4 ht vz&mmt&Si&zmw? h «t ^ cc l fco * 
wm©ss. UiP^^aaso'fen^APo^ib^ttS'j 

b-€-©«-^teJ:»)> x>^>*gi&ratefr6=7cM&#r§ 

l±4b s n s * -cais^j^tb <fc <3 «s*4ia*J©Rflg-c x>y 

> *»fE L- SEtf* *© C O 3 % filiKSoifit 

fegSBMsn, K3R-fe>-y©«#cc<fc»)x>y>© 
gmttzmwtz. rtyf-v i 3^om, jent^tT 



[0 04 9] 

20 [fgHJ©$»m] ^©3»«9i©ttHKRCJf&ffi«:J:ti«. 
JS«flE©C OiR{fc*3RRCf C*l6*lWb , r4©«:!jW 
a3«Jl±©M***ST4»//^©«*!l. 4$tc 

mtffi&ZLiSMvmut^ if) . /^y^Atc-fe y -i;A^ 
ssjra-rs c it^7 a©c oRbJ t ^'fb*3Rj8S«Effitt 
^wa/cM^-c, x>s»it3ttiaa©co*igarj»^c 

*, ^o^©j^^-CH7cftfe«*^a{Ctt]^-rS Ci*s 
[HB©«i|«ClttW] 

[IllMIOCeO, ffl^liCO#J<caK©M«* 

[02] Micceo, m$m.tcom'Xum.<Dm%* 

[03] *«W©««*«l,»te*#^»{b5'^^A©— 

[04] *m*<Dfm*mwc&iixmti<>x? a©- 
fifii^^-r«)i£0o 

40 [05] *»H©|««*fflC»fc»^ilKbi'^f-A©— 

^^^•r^0o 

[06] ^BJO^^rffl^fcgf^^b^^T-A©- 

#i£^-rflt)&0„ 

[07] *«9i©j|««*fflC»A:»^iWbJ'Xf-A©— 

^*^-r«^0o 

[08] m*<DMmzmi<>tcm#xft<ti'z.7-A<D®!& 

0o 

[09] *IB!B©*B«*ffl«,>fc»^j»{b^^'f A©- 

0i]=&^-r«fiK0. 
so [010] a«*F*«A&^H^-*A©«aia. 



r 



(11) SW5-28538 7 

IS 20 

inn<Dm.m i 5-nox»«m«. i 6-«<t**«:«fc 

l-x>^>. 2 -gMKBtt. 3-IMfcJWK. 4-=5c NO x^jBSWKffljcr SMWI. 2 1 HKJ&«. 2 

MM. 5-£*lWg&C. e-HWfflPP. 7. 1 0 —WW 2-m&MffiP. 2 3 •••SAtttettK. 2 4-^07, 

ai»h, 8-»BM2>U\ 9. 9' -BBR-fe>-!f. 1 2 5HNi&lMk 2 6 -m%®W.#J 5, 2 7-gES«I 

l-«»tt*K. 13-^,fij, 14* 88, 29-^)S^-*A, 30-aWB?- 



[0H 



[02] 



[09] 



220 



200 

P180 
Us! 

I 160 

8 140 

120 
lOfl 
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